This paper investigates the influence of axial or longitudinal mixing of stages on the number stages in a countercurrent absorber in absorbing vapour-gas mixture of NH3-CO2-H2O in the multicomponent system NaCl-H2O. The number stages in ideal mixing of phases NT and the number of stages which involves axial mixing ND were determined. The authors of this paper conclude that the influence of axial mixing does not affect the number stages in the countercurrent absorber. Otherwise, absorption in this concrete system is practically present in the process of soda ash production.
Introduction
During the process of soda ash production, in a saturated solution of sodium chloride, ammonia and partially carbon dioxide are absorbed in the absorption plant, and then the multicomponent solution is saturated with carbon dioxide in the carbonization plant. The basic purpose of the absorption plant is to obtain a certain quantity of ammonized solution in the form of continuous material flow with the following parameters: the content of NH3-85.1 kg/m 3 ; the content of NaCl-310 kg/m 3 ; temperature "28-32 0 C". Vapour-gas mixture of NH3-CO2-H2O which comes from the plant for ammonium desorption, is used for the saturation of NaCl solution (NaCl-H2O system) by means of the absorption of NH3 and CO2. The amount of steam in this mixture depends on the temperature of the mixture. The decrease of the steam which arrives for absorption enables the increase of NH3 and NaCl concentration in the multicomponent solution. Vapour-gas mixture which arrives for absorption usually contains around 52% of NH3, 25% of CO2, and the rest is steam with the temperature of 60 0 C. The absorption of vapour-gas mixture containing NH3, CO2 and steam in the above mentioned proportion takes place in a countercurrent barbotage apparatus. The basic part of these absorbers is the stage with bells. The stage with bells is a practical form of mass transfer units. The number stages or the number of mass transfer units depends on the material balance and the equilibrium conditions during the absorption of NH3 and CO2 in the multicomponent system of NaCl-H2O. The latest construction solution for the absorber is a countercurrent absorber with grating stages (Zaiisev et al., 1986) . The absorber consists of four countercurrent grating stages with the free section of 0.15-0.25 m 2 /m 2 . The authors of this paper investigated the effect of axial (longitudinal) mixing of liquid and gas phases on the number stages in the countercurrent absorber with the mentioned construction. Considering the non-ideal characteristics of the the phase flow, it is necessary to determine the number stages in the absorber during the absorption of vapour-gas mixture in the solution of NaCl-H2O of the same concentration and parameters as in the factories where soda ash is produced.
Material balance of the absorber
In the absorber, the absorption of NH3 and CO2 from the vapour-gas mixture G (kg/h) takes place in the solution which initially is the system NaCl-H2O L (kg/h). The gas and the liquid phases flow through the absorber countercurrently. At contact elements (stages), mass and heat transfer occurs. The number stages, four of them in practice, allows the exchange of the total mass of NH3 and CO2 from the gas phase to the liquid phase. Figure 1 shows the scheme of the countercurrent absorber, whereas Table 1 gives the material balance of the absorber. It must be noted that this absorber, denoted as AB-1, is not the only apparatus within the absorption plant with the task to perform the absorption of NH3 and CO2. There are also AB -1 the absorber AB-2 and three scrubbers-however, they have very different constructions for stages as contact elements and are not discussed in this paper.
Investigation of equilibrium during the absorption of NH3 and CO2 in NaCl-H2O system
A well defined equilibrium during the absorption of NH3 and CO2 from vapour-gas mixture in the solution of multicomponent system NaCl-H2O is of major importance in determining the number stages in the absorber. Calculation of number stages is performed from the top downwards and it is done only for ammonia in order to achieve simplicity. The equilibrium ammonia content in the gas over each stage is determined according to the following equation of interphase equilibrium (Zaiisev et al., 1986) :
Where : y * -equilibrium ammonia content in the gas, kg/kg; x-the ammonia content in the liquid, kg/kg. Using the information for material balance (Table1) and the equation for interphase equilibrium (1), we can present a graph of the absorption for this system, which is defined by operating (direction) and equilibrium curve (Figure 2 ).
FIGURE 2. OPERATING AND EQUILIBRIUM LINE FOR ABSORBTION VAPOUR MIXTURE NH3 -CO2 -H2O IN MULTICOMPONENT SYSTEM NACL -H2O
In Figure 2 , both operating and equilibrium curves are determined by the following mathematical equations: -operating line, 
-phase flow ratio,
Calculation of the number stages
The stage or the mass transfer unit where phases are in the state of mutual equilibrium is termed theoretical stage. There is a significant number of written documents that give calculations of the number of theoretical stages using analytical, graphical, graphoanalytical, graphonumerical, and numerical methods. When choosing a method of calculation of the number of theoretical stages, one must take into consideration limiting conditions, available information, and required accuracy of calculation. Calculation of the required number stages in the countercurrent absorber is performed by solving the system of equations for interphase transfer and material balance for each stage. Calculation starts from the top stage towards the bottom of the absorber. In order to achieve simplicity, it is only done for ammonia. It uses the equation (1) and the equations of material balance according to the methodology used in suitable scientific literature (Zaiisev et al., 1986) . The results of the calculation are given in Table 2 . Calculation was repeated until the concentration of ammonia in the liquid phase at one stage was lower than the appointed NH3 concentration at the entrance into the absorber.
As it is seen in Table 2 , the ammonia content in the liquid phase at the exit from the absorber is 0.04132 kg/kg which is higher than the appointed concentration (0.0406 kg/kg). Therefore, we can conclude that the absorber has to contain four stages. Real apparatuses in the plants for soda ash production really contain four stages and they are in fact countercurrent grating stages. According to Ramm methodology (Ramm, 1966 ) the effectiveness of the operation of the absorber and calculation of number stages is performed based on the absorption coefficient φ and the absorption factor A. Correlation between these two indicators of the effectiveness of the absorption of gases and the number stages is determined by the following equation:
where NT -number stages of the absorber in ideal mixing. If we include absolute values for parameters φ and A, stated in this paper, we obtain the following, NT = 3.14 This number is rounded to 4, which proves, using another methodology, that the absorber should contain 4 stages. The authors investigate and present further in the paper whether the effect of reversible mixing affects the number stages.
The impact of axial mixing of phases on the number stages in the absorber
The authors of this paper investigated the effect of axial (longitudinal) mixing of phases on number stages in the absorber in the absorption of vapour-gas mixture NH3-CO2-H2O in the multicomponent system NaCl-H2O. The two-phased flow liquid-gas, as in this case the absorption of gas mixture in solution, is characterized by a suitable model based on ideal or nonideal phase flow (Levenspiel, 1962) . Scientific reports recognize two well-known models of ideal phase flow-the model with ideal repressing and the model with ideal mixing.According to Mecklenburgh and Hartland (Mecklenburgh and Hartland, 1983 ) the flows which do not comply with ideal models-i.e. non-ideal flows, can be classified as segregational and non-segregational. The non-segregational flow is often termed as the regime of axial, i.e. longitudinal mixing. Axial mixing of the phases has a significant effect on the absorption, which is reflected in many investigations of different authors (see e.g., Miyauchi and Vermeulen, 1963; Cairns and Prausnitz, 1960; Levenspiel and Smith, 1957; Wiemann and Mewes, 2005a; 2005b) . In the investigations concerning material balance of the components in the gaseous phase for the elementary part of the absorber, Ramm (1966) has established a system of two differential equations whose solution defines the effect of longitudinal mixing on number stages in the absorber. Analytic solution of this system of equations was given by Miyauchi and Vermeulen (Miyauchi and Vermeulen, 1963) . Since it is also too complex for practical usage, the authors of this paper used a simplified method of calculation which involves determining the real number stages NP. The degree of absorption is calculated based on this method (Ramm, 1966) . The real number stages is determined according to the following formula,
where NT -number stages in ideal mixing which was previusly calculated in this paper, ND-number stages that involves longitudinal mixing,
where
Pe -Pecle's pseudo criterion calculated based on the same criterion for the liquid and the gaseous phase according to the following formula:
Coefficients Φ, fg and fL in previous equations are calculated according to empirical functions, Using the previous dependences, relevant parameters which define the effect of axial (longitudinal) mixing on number stages of the absorber were calculated for the absorption of gas mixture NH3-CO2-H2O in the multicomponent system NaCl-H2O. The parameters calculated are given in Table 3 . The real number stages, taking in consideration longitudinal mixing, is calculated according to the equation (9) and is the following, It is clear that longitudinal or axial mixing does not affect the number stages in the absorber in the absorption of vapour-gas mixture NH3-CO2-H2O in the multicomponent system NaCl-H2O.
Conclusion
The aim of this study was to investigate the impact of longitudinal or axial mixing on number stages in the countercurrent absorber in the absorption of vapour-gas mixture NH3-CO2-H2O in the multicomponent system NaCl-H2O. Number stages was determined for ideal phase flow according to the model of ideal repressing NT = 3.14, the real number stages involving longitudinal mixing is also 3.14, whereas the number stages in industrial absorbers for the same system is 4. Therefore, based on the results of the research, it can be concluded that longitudinal mixing does not affect the number stages in the countercurrent absorber in the absorption of vapour-gas mixture NH3-CO2-H2O in the multicomponent system NaCl-H2O.
